Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 07-1 061 98 

(43)Date of publication of application : 21.04.1995 



(51)Int.CI. 



H01G 4/33 

H01G 4/10 

H01G 4/12 

H01G 4/30 



(21 Application number : 05-252683 
(22)Date of filing : 08.1 0.1 993 



(71) Applicant 

(72) Inventor : 



MATSUSHITA ELECTRIC IND CO LTD 

FUJII AKIYUKI 
TOMOSAWA ATSUSHI 
FUJII SATORU 
TAKAYAMA RYOICHI 



(54) MANUFACTURE OF LAMINATED THIN-FILM CAPACITOR 

(57)Abstract: 

PURPOSE: To provide the method of manufacturing a laminated 
thin-film capacitor, which can miniaturize a chip capacitor and 
which can make the capacity of the chip capacitor large. 
CONSTITUTION: A dielectric thin-film layer 4 in a film thickness of 
3jxm or lower is formed, by a plasma CVD method, on a substratum 
substrate 1 on which a metal-electrode thin-film layer 2 has been 
formed by a vacuum deposition method or a sputtering method. 
The two layers are laminated alternately, a laminated body is cut in 
such a way that metal-electrode thin-film layers 2 f 4, 6 faced 
alternately sidewalls every other layer, external electrodes 8, 9 are 
formed on cut faces, the electrodes are brought into continuity 
with the metal-electrodes thin-film layers 2, 4, 6 at the inside, and 
a small and large- capacity laminated thin-film capacitor is 
manufactured. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] Production of a metal -electrode thin film layer which carried out pattern formation by the vacuum 
deposition method or the sputtering method on the substrate, The laminating of a metal thin film layer and the 
dielectric thin film layer is carried out by repeating production of the dielectric thin film layer by the plasma- 
CVD method using the mixed gas of the steam of metallic compounds, and reactant gas by turns. The 
manufacture approach of the laminating thin film capacitor characterized by forming an external electrode in 
the cutting plane by the vacuum deposition method, the sputtering method, the galvanizing method, or the 
spreading burning method after cutting so that said metal-electrode thin film layer which carried out pattern 
formation may face a side attachment wall alternate for setting further. 

[Claim 2] The manufacture approach of the laminating thin film capacitor according to claim 1 characterized by 
being the perovskite mold oxide with which the ingredient of a dielectric thin film layer uses strontium titanate 
as a principal component. 

[Claim 3] The manufacture approach of the laminating thin film capacitor according to claim 1 characterized by 
being the compound perovskite mold compound with which the ingredient of a dielectric thin film layer uses Pb 
(Mg 1/3, Nb 2/3) 03 and lead titanate as a principal component. 

[Claim 4] The manufacture approach of the laminating thin film capacitor according to claim 1 characterized by 
using beta-diketone metal complex or a metal alkoxide as metallic compounds. 

[Claim 5] The manufacture approach of the laminating thin film capacitor according to claim 1 characterized by 
using oxygen, N20, or H20 as reactant gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the laminating thin film capacitor 

used as small and a mass chip capacitor. 

[0002] 

[Description of the Prior Art] the strontium titanate (SrTi03) of a perovskite mold crystal structure - about 1 10 
- in that of K or more temperature, it is a cubic, and they are paraelectrics. Although a dielectric constant is low 
compared with the barium titanate (BaTi03) system of the crystal structure with the same ceramics which used 
strontium titanate as the principal component, the temperature characteristic has the description that it is good 
and little dielectric loss is also. Moreover, by adding shifters, such as barium and lead, and shifting the Curie 
point, in ordinary temperature, the ceramics of the high dielectric constant in paraelectricity is obtained, and it is 
broadly used as high frequency and a capacitor for high voltages. Moreover, since the compound perovskite 
structure compound of Pb(Mg 1/3, Nb 2/3) 03-PbTi03 which is the composite material of Pb(Mg 1/3, Nb 2/3) 
03 and lead titanate (PbTi03) which is one of the typical relaxation mold ferroelectrics has big specific 
inductive capacity and a good direct-current bias property compared with a barium titanate system ferroelectric, 
it is applied to the small mass multilayer capacitor etc. 

[0003] On the other hand, since it corresponds to the miniaturization of electronic equipment, and high-density- 
assembly-ization, the miniaturization of a chip capacitor and large capacity-ization are progressing. In order to 
attain large capacity-ization, there are using dielectric materials with large specific inductive capacity and the 
approach of making a dielectric layer thin and increasing the number of laminatings. For example, the 
manufacture approach of a stacked type ceramic condenser is announced by the 61st page from the 57th page 
(1990) of erection RONIKU ceramic magazine 103 numbers. The laminating approach of a dielectric layer and 
a metal-electrode layer in manufacture of the stacked type ceramic condenser in this reference is as follows. 
Slurry preparation of what blends, mixes and dried the powder of dielectric materials, such as BaTi03, is 
carried out, and it fabricates on a thin film-like sheet. Internal electrode pastes, such as palladium, are printed on 
this sheet, and a sheet is accumulated. This actuation is repeated several times, it cuts in that contemptuous 
glance-magnitude, and it is said that coincidence baking of a ceramic and a metal is performed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in order for BaTi03 of a start raw material to be the 
powder which is the particle size of about 1 micrometer by the above-mentioned laminating approach, to carry 
out slurry preparation of this, to fabricate in the shape of a sheet and to calcinate, when it was going to make the 
dielectric layer thin to 3 micrometers or less, the problem was in the homogeneity and the inter-electrode 
insulation of thickness, and it was technically difficult. Moreover, burning temperature was as high as about 
1200 degrees C, since an electrode material was limited, it was cheap and finding out the manufacture approach 
of obtaining a multilayer capacitor with a sufficient property at low temperature was called for. 
[0005] This invention aims at offering the manufacture approach of the laminating thin film capacitor which 
enables miniaturization of a chip capacitor, and large capacity-ization with careful attention to said conventional 
technical problem. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention 
carries out pattern formation of the metal-electrode thin film layer by the vacuum deposition method or the 
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sputtering method on a substrate. On it as a dielectric thin film layer The compound perovskite mold compound 
which uses as a principal component the perovskite mold oxide which uses strontium titanate as a principal 
component, and Pb(Mg 1/3, Nb 2/3) 03 and lead titanate Membranes are formed by the plasma-CVD method 
using the activity and the CVD reaction of the plasma. What repeated this actuation and carried out the 
laminating of a metal-electrode thin film layer and the dielectric thin film layer on the substrate is cut in 
predetermined magnitude, an external electrode is formed in that cutting plane by the vacuum deposition 
method, the sputtering method, the galvanizing method, or the spreading burning method, and a laminating thin 
film capacitor is manufactured. 
[0007] 

[Function] According to this invention, the precise perovskite mold dielectric thin film which uses the good 
strontium titanate of dielectric characteristics and Pb(Mg 1/3, Nb 2/3) 03-PbTi03 as a principal component by 
3 micrometers or less of thickness is comparatively obtained at low temperature by using a plasma-CVD 
method for membrane formation of a dielectric thin film layer. Moreover, a too precise and thin metal-electrode 
thin film layer is obtained by using a vacuum deposition method or the sputtering method for membrane 
formation of a metal-electrode thin film layer. Therefore, the electrostatic capacity per unit volume becomes 
large, and the laminating thin film capacitor corresponding to a miniaturization and large-capacity-izing can 
manufacture at temperature lower than the burning temperature of bulk. 
[0008] 
[Example] 

(Example 1) Drawing 1 shows the schematic diagram of the configuration of the cross section of the laminating 
thin film capacitor in one example of this invention. 

[0009] The substrate substrate with which 1 consists of an alumina in drawing 1 , the metal-electrode thin film 
layer which 2, 4, and 6 become from metal platinum, the dielectric thin film layer which 3, 5, and 7 become 
from SrTi03, and 8 and 9 are external electrodes which consist of silver. 

[0010] The manufacture approach of the laminating thin film capacitor which consists of the above-mentioned 
component is as follows. On the substrate substrate 1, with a vacuum deposition method, as shown in drawing 1 
(a), pattern formation of the metal-electrode thin film layer 2 is carried out. Moreover, the dielectric thin film 
layer 3 is formed by the plasma-CVD method. Furthermore, on it, with a vacuum deposition method, as shown 
in drawing 1 , in the metal-electrode thin film layer 2, it shifts and pattern formation of the metal-electrode thin 
film layer 4 is carried out. Furthermore on it, the dielectric thin film layer 5 is formed by the plasma-CVD 
method. Furthermore, on it, with a vacuum deposition method, the metal-electrode thin film layer 6 is formed 
by the same pattern as the metal-electrode thin film layer 2, as shown in drawing 1 . Furthermore on it, the 
dielectric thin film layer 7 is formed by the plasma-CVD method. After repeating this actuation and carrying out 
the laminating of the predetermined number of layers, as shown in drawing 1 (b), it cuts in predetermined 
magnitude so that a metal-electrode thin film layer may face a side attachment wall alternate for setting further. 
The silver external electrodes 8 and 9 are applied to the cutting plane, it can be burned on it, and the internal 
metal-electrode thin film layers 2 and 46 and the flow of the external electrodes 8 and 9 are taken. 
[0011] The membrane formation approach of a dielectric thin film layer is explained below among the above- 
mentioned manufacture approaches. The schematic diagram of the plasma-CVD equipment used for drawing 2 
forming a dielectric thin film layer among the laminating thin film capacitors in one example of this invention is 
shown. 

[0012] As for the substrate substrate with which an electrode and 12 consist in a reaction chamber and 11, and a 
substrate heating heater and 14 consist [ 10 ] of an alumina in a substrate rotary motor and 13, and 15, in 
drawing 2 , an exhaust air system and 16 are RF generators (13.56MHz) as a component. 
[0013] The evaporation containers 17, 18, 19, and 20 into which the raw material went on the other hand are 
connected to the pipe which carries out opening between the electrodes 11 in a reaction chamber 10 through 
bulbs 25, 26, 27, and 28. Moreover, the pipe introduced into each of the evaporation containers 17, 18, 19, and 
20 It connects with the argon bomb 29 of carrier gas through bulbs 21, 22, 23, and 24, and installation into the 
reaction chamber 10 of material gas and carrier gas is controlled by closing motion of bulbs 25, 26, 27, and 28. 
Moreover, the oxygen cylinder 30 is connected to the pipe which carries out opening between the electrodes 1 1 
in a reaction chamber 10. Strontium dipivaloyl methane [Sr (C11H1902)2] and isopropoxy titanium [Ti 
(C3H70)4] were used for the start raw material. 
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[0014] The membrane formation approach of a dielectric thin film layer is as follows. The substrate substrate 14 
which carried out pattern formation of the metal-electrode thin film layer of metal platinum beforehand with the 
vacuum deposition method was attached in the substrate heating heater 13, and was heated and held at 700 
degrees C. Strontium dipivaloyl methane was put into the evaporation container 17, isopropoxy titanium was 
put into the evaporation container 18, and it heated and held at 235 degrees C and 50 degrees C, respectively. 
The inside of a reaction chamber 10 was exhausted by the exhaust air system 15, and the substrate substrate 14 
was rotated at the rate of per minute 120 rotation the whole substrate heating heater 13 with the substrate rotary 
motor 12. Bulbs 17, 18, 25, and 26 are opened. With carrier gas (they are flow rate 25SCCM and 5SCCM to 
carburetors 17 and 18, respectively) The steam of strontium dipivaloyl methane and isopropoxy titanium It 
introduces in a reaction chamber 10 with the oxygen (flow rate 10SCCM) which is reactant gas. In the plasma 
(power 1.4 W/cm2), it reacted under reduced pressure (0.02Torr) for 50 minutes, and the thin film of SrTi03 
which is a dielectric thin film layer was formed on the substrate substrate 14 which carried out pattern formation 
of the metal-electrode thin film layer. This was taken out after [ cooling ] picking, pattern formation of the 
metal-electrode thin film layer was again carried out on the dielectric thin film layer with the vacuum deposition 
method, and the dielectric thin film layer was formed by the same approach as the above on it. The rest repeated 
this actuation and accumulated a metal-electrode thin film layer and ten layers of dielectric thin film layers at a 
time. This was cut in predetermined magnitude the whole substrate so that a metal-electrode thin film layer 
might face a side attachment wall alternate for setting further, as shown in drawing 1 , silver was applied and 
baked on the cutting plane, and the external electrode was formed. 

[0015] Moreover, the sample which formed metal platinum on the alumina substrate and formed only one layer 
of thin films of SrTi03 by the completely same approach as the above on it to analysis of a dielectric thin film 
layer was produced. 

[0016] The thickness of the dielectric thin film layer of the obtained laminating thin film capacitor was 2.2 
micrometers of hits much more, and the thickness of a metal-electrode thin film layer was 0.06 micrometers of 
hits much more. The electrical property was measured between the electrode 8 of this laminating thin film 
capacitor, and 9. When dielectric characteristics were measured at 1kHz, IV, and a room temperature with the 
LCR meter, specific inductive capacity was 190 and dielectric loss was 0.06. Insulation resistance was more 
than 109ohm and cm, and direct-current breakdown voltage was 0.7 kV/cm. Moreover, when analysis by the X 
diffraction was performed by the sample which formed metal platinum on the alumina substrate and formed 
only one layer of thin films of SrTi03 on it, it was the perovskite mold crystal structure. 
[0017] In addition, in the above-mentioned example, although strontium dipivaloyl methane and isopropoxy 
titanium were used as a raw material of Sr and Ti, in the manufacture approach of this example, without being 
limited to this raw material, the thin film of SrTi03 of the perovskite mold crystal structure could be obtained, 
and it checked that equivalent dielectric characteristics were obtained. Moreover, when N20 and H20 were 
used as reactant gas, it checked that dielectric characteristics equivalent to the case where oxygen is used were 
obtained. 

[0018] The same result was obtained when barium, lead, a bismuth, calcium, and magnesium were added as an 
additive. 

(Example 2) Drawing 3 shows the schematic diagram of the configuration of the cross section of the laminating 
thin film capacitor in the example 2 of this invention. 

[0019] The substrate substrate with which 31 consists of an alumina as a component in drawing 3 , the metal- 
electrode thin film layer which 32, 34, and 36 become from metal platinum, the dielectric thin film layer which 
33, 35, and 37 become from Pb(Mg 1/3, Nb 2/3) 03-PbTi03, and 38 and 39 are external electrodes which 
consist of silver. 

[0020] The manufacture approach of this laminating thin film capacitor is as follows. On the substrate substrate 

31, with a vacuum deposition method, as shown in drawing 3 (a), pattern formation of the metal-electrode thin 
film layer 32 is carried out. The dielectric thin film layer 33 is formed by the plasma-CVD method on it. On it, 
with a vacuum deposition method, as furthermore shown in drawing 3 (a), in the metal-electrode thin film layer 

32, it shifts and pattern formation of the metal-electrode thin film layer 34 is carried out. Furthermore, the 
dielectric thin film layer 35 is formed by the plasma-CVD method on it. On it, with a vacuum deposition 
method, the metal-electrode thin film layer 36 is formed by the same pattern as the metal-electrode thin film 
layer 32, as furthermore shown in drawing 3 (a). Furthermore, the dielectric thin film layer 37 is formed by the 
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plasma-CVD method on it. After repeating this actuation and carrying out the laminating of the predetermined 
number of layers, as shown in drawing 3 (b), it cuts in predetermined magnitude so that the metal-electrode thin 
film layers 32, 34, and 36 may face a side attachment wall alternate for setting further. The silver external 
electrodes 38 and 39 are applied to the cutting plane, it can be burned on it, and the internal metal-electrode thin 
film layers 32, 34, and 36 and the flow of the external electrodes 38 and 39 are taken. 

[0021] The membrane formation approach of the dielectric thin film layers 33, 35, and 37 is explained below 
among the above-mentioned manufacture approaches. Lead dipivaloyl methane [Pb (C11H1902)2], isopropoxy 
titanium [Ti (C3H70)4], magnesium acetylacetonato [Mg(C5H702) 2andH20], and pentaethoxy niobium [Nb 
(OC2H5)5] were used for the start raw material. 

[0022] This thing also attached in the substrate heating heater 13 the substrate substrate 14 which carried out 
pattern formation of the metal-electrode thin film layer of metal platinum beforehand with the vacuum 
deposition method, as shown in drawing 2 , and it heated and held it at 700 degrees C. the evaporation container 
17 — lead dipivaloyl methane — in the evaporation container 18, magnesium acetylacetonato was put into the 
evaporation container 19, pentaethoxy niobium was put into the evaporation container 20, and isopropoxy 
titanium was heated at 145 degrees C, 50 degrees C, 195 degrees C, and 60 degrees C, and was held, 
respectively. Exhausting the inside of a reaction chamber 10 by the exhaust air system 15, the substrate heating 
heater rotated at the rate of per minute 120 rotation with the substrate rotary motor 12. Bulbs 21, 22, 23, 24, 25, 
26, 27, and 28 are opened. With carrier gas (they are flow rate 35SCCM, 15SCCM, 10SCCM, and 8SCCM to 
carburetors 17, 18, 19, and 20, respectively) Lead dipivaloyl methane, isopropoxy titanium, magnesium 
acetylacetonato, The steam of pentaethoxy niobium is introduced in a reaction chamber 10 with the oxygen 
(flow rate 30SCCM) which is reactant gas. In the plasma (power 1.4 W/cm2), it reacted under reduced pressure 
(0.03Torr) for 50 minutes, and the thin film of Pb(Mg 1/3, Nb 2/3) 03-PbTi03 which is a dielectric thin film 
layer was formed on the substrate substrate 14 which carried out pattern formation of the metal-electrode thin 
film layer. This was taken out after [ cooling ] picking, pattern formation of the metal-electrode thin film layer 
was again carried out on the dielectric thin film layer with the vacuum deposition method, and the dielectric thin 
film layer was formed by the same approach as the above on it. The rest repeated this actuation and 
accumulated a metal-electrode thin film layer and ten layers of dielectric thin film layers at a time. This was cut 
in predetermined magnitude the whole substrate so that a metal-electrode thin film layer might face a side 
attachment wall alternate for setting further, as shown in drawing 3 , silver was applied and baked on the cutting 
plane, and the external electrode was formed. 

[0023] Moreover, the sample which formed metal platinum on the alumina substrate and formed only one layer 
of thin films of SrTi03 by the completely same approach as the above on it to analysis of a dielectric thin film 
layer was produced. 

[0024] The thickness of the dielectric thin film layer of the obtained laminating thin film capacitor was 2.2 
micrometers of hits much more, and the thickness of a metal-electrode thin film layer was 0.06 micrometers of 
hits much more. The electrical property was measured between the electrode 8 of this laminating thin film 
capacitor, and 9. When dielectric characteristics were measured at 1kHz, IV, and a room temperature with the 
LCR meter, specific inductive capacity was 190 and dielectric loss was 0.06. Insulation resistance was more 
than 109ohm and cm, and direct-current breakdown voltage was 0.7 kV/cm. Moreover, when analysis by the X 
diffraction was performed by the sample which formed metal platinum on the alumina substrate and formed 
only one layer of thin films of Pb(Mg 1/3, Nb 2/3) 03-PbTi03 on it, it was the perovskite mold crystal 
structure. The film presentation analyzed by the X-ray microanalyser was Pb{(Mgl/3Nb 2/3) 0.7TKX3} 03. 
[0025] In addition, in the above-mentioned example, although lead dipivaloyl methane, isopropoxy titanium, 
magnesium acetylacetonato, and pentaethoxy niobium were used as a raw material of Pb, Ti, Mg, and Nb, in the 
manufacture approach of this example, without being limited to this raw material, Pb(Mg 1/3, Nb 2/3) 03- 
PbTi03 thin film of the perovskite mold crystal structure could be obtained, and it checked that equivalent 
dielectric characteristics were obtained. Moreover, when N20 and H20 were used as reactant gas, it checked 
that dielectric characteristics equivalent to the case where oxygen is used were obtained. 
[0026] The same result was obtained when barium, strontium, a bismuth, calcium, nickel, zinc, cobalt, iron, a 
tantalum, and a tungsten were added as an additive. 

[0027] In examples 1 and 2, when metals other than platinum, for example, palladium, palladium / silver alloy, 
nickel, copper, etc. were used for the metal-electrode thin film layer with vacuum evaporation technique, or 
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even when the sputtering method was used for the membrane formation approach, manufacture of a laminating 
thin film capacitor with an equivalent property was possible. Manufacture of the laminating thin film capacitor 
which similarly has an equivalent property in it when metals other than silver were used, or even when a 
vacuum deposition method, the sputtering method, or the galvanizing method is used for formation of an 
external electrode in addition to the spreading burning method was possible. 

[0028] Moreover, in examples 1 and 2, although the plasma-CVD equipment which forms a dielectric thin film 
layer, and the vacuum evaporation system and sputtering system which form a metal-electrode thin film layer 
were another, when conveying the substrate and forming membranes continuously using the connected 
equipment, without breaking a vacuum, it was able to manufacture still more easily. 
[0029] 

[Effect of the Invention] When this invention uses a plasma-CVD method for membrane formation of a 
dielectric thin film layer, the precise thin film of good SrTi03 of dielectric characteristics or Pb(Mg 1/3, Nb 
2/3) 03-PbTi03 is comparatively obtained at low temperature on a metal-electrode thin film layer, so that more 
clearly than explanation of the above example. Moreover, a too precise and thin metal-electrode thin film layer 
is obtained by using a vacuum deposition method or the sputtering method for membrane formation of a metal- 
electrode thin film layer. Therefore, since it can do more thinly than the approach of accumulating and 
calcinating the thing of the shape of a slurry in the conventional stacked type ceramic condenser, also by the 
same chip thickness, the number of laminatings increases, electrostatic capacity becomes large, and it can 
respond to a miniaturization and large capacity-ization. 



[Translation done.] 
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(57)Abstract 

PURPOSE: To provide the method of manufacturing a laminated 
thin-film capacitor, which can miniaturize a chip capacitor and which 
can make the capacity of the chip capacitor large. 
CONSTITUTION: A dielectric thin-film layer 4 in a film thickness of 
3u.m or lower is formed, by a plasma CVD method, on a substratum 

substrate. Ton which a.metalrelectrode.thin-film layer 2. has been . 



formed by a vacuum deposition method or a sputtering method. The 
two layers are laminated alternately, a laminated body is cut in such 
a way that metal-electrode thin-film layers 2, 4, 6 faced alternately 
sidewalls every other layer, external electrodes 8, 9 are formed on 
cut faces, the electrodes are brought into continuity with the 
metal-electrodes thin-film layers 2, 4, 6 at the inside, and a small 
and large- capacity laminated thin-film capacitor is manufactured. 
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